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INTRODUCTION
The splitting of the Strike-Point (SP) in a poloidally diverted tokamak plasma is a common observation in the presence of external non-axisymmetric magnetic perturbations [1, 2, 3, 4] . The analysis of the SP splitting is of particular interest in the frame of Edge Localised Mode (ELM) control experiments [2, 3, 5, 6] because it may give indications on the degree of magnetic stochasticity at the edge of the plasma and thereby help to understand the physical mechanisms at play in ELM mitigation or suppression. We stress that the design of the ITER ELM control coils was based on vacuum field modelling (i.e. neglecting the plasma magnetic response) [7] . Here, we report on observations made on JET and MAST and their modelling by field line tracing. In JET, magnetic perturbations with a toroidal mode number n=2 are applied with the Error Field Correction Coils (EFCCs), which can lead to ELM mitigation [5] . In MAST, n=3 perturbations are applied using the ELM coils, which had been unsuccessful at influencing Type-I ELMs [6] until recent progress was made by means of a q95 scan [10] (q95 being the safety factor at the surface Ψ pol,N =0.95, where Ψ pol,N is the normalised poloidal magnetic flux). Section 1 presents the results obtained in L-mode, characterized by a visible SP splitting which is well reproduced by the vacuum field modelling based on Field Line (FL) tracing. Section 2 presents the results in H-mode, where, in contrast with the L-mode case, SP splitting is not visible in spite of being expected from the vacuum field modelling. This could be a consequence of screening effects, as illustrated by modelling results. We then summarize, discuss on the possible cause of the difference between L and H-modes, and conclude.
OBSERVATION OF STRIKE-POINT SPLITTING IN L-MODE
In JET L-mode discharge JET Pulse No: 79768, a current waveform with a flat top of 48kAt was applied in the EFCCs (n=2), during which a q 95 ramp was performed by varying the toroidal field. Figure 1 shows the Heat Flux (HF) density at the outer divertor target, calculated from infrared (IR) imaging (KL9 camera), at a given toroidal angle and as a function of the major radius and time. Before the application of the EFCCs, the SP is located at R~2.77m. It then shifts inwards and broadens during the EFCCs ramp up. The inward shift is captured by the EFIT axisymmetric equilibrium reconstruction code and is presumably a consequence of the known interaction of the EFCCs with the shape controller [5] . A splitting of the SP is then clearly visible at the beginning the EFCCs flat top, with two local maxima in the HF between ~19.5s and ~20.2s that move radially as q 95 is ramped up. Interestingly, the second maximum in the HF disappears after ~20.2s. Finally, the SP comes back to its original position during the EFCCs ramp down. The modelling gives an insight on those observations. Figure   2 represents the calculated magnetic footprint at the outer target, calculated with the ERGOS suite of codes [11] . This figure is obtained by initiating field lines at the outer target and tracing them in the perturbed magnetic field until they reach the inner target. The dots corresponding to the initial FLs positions are then coloured according to the FL's Connection Length (CL), here defined in terms of a number of toroidal turns. As expected from many previous works, this plot shows a spiral pattern with a number of arms corresponding to the main toroidal mode number of the perturbations, here n=2. Inside these spiral arms, FLs with large CLs are found. These are part of the stochastic region of the magnetic field, their large CL being explained by the fact that they perform many turns in the stochastic field (inside the unperturbed separatrix) before escaping to the targets. Because of their connection to relatively hot regions, these FL are expected to carry a large HF. It makes sense, therefore, to compare the CL profile at the appropriate toroidal angle to the IR measurements. Figure 3 shows a good agreement in the position of the spikes for the HF and CL at both 20 and 21s. In particular, the disappearance of the SP at R≈2.77m between 20 and 21s is captured, which is a stringent test for the modelling. Figure 2 shows that this phenomenon results from the evolution of the spiral pattern as q 95 changes. We stress that in this modelling, only the vacuum field of the EFCCs was added to the 2D equilibrium field (i.e. any plasma magnetic response was neglected -the intrinsic JET error field, known to be small, was also neglected). These results show that the vacuum field approximation is compatible with the observations. In MAST L-mode discharge JET Pulse No: 21713, a current of 5.6kAt (1.4kA) in the ELM coils was applied at 300ms. This led to the well known density pump-out (see [6] for details) and to the SP splitting that can be seen in Figure 4 . It is interesting to notice that no clear effect of the magnetic perturbations was observed on the T e gradient in the JET and MAST discharges referred to above. Estimations of the Rechester-Rosenbluth heat conductivity [13] 
ABSENCE OF STRIKE-POINT SPLITTING IN H-MODE
In JET H-mode discharge JET Pulse No: 79729, a perturbation identical to that from the L-mode case was applied (48kAt in the EFCCs, n=2), resulting in the standard ELM mitigation accompanied by a density pump-out [5] . Figure 7 represents the HF profile at the outer divertor target at 19.38s, i.e. in-between two ELMs during the mitigated ELM phase, as well as FL CL profiles. In spite of the fact that splitting is expected from the vacuum field analysis (dashed profile), the HF profile does not show a split SP. In particular, the contrast with the L-mode case from Figure 3 is striking. The fact that the HF profile does not present a rigorously exponential type of decay is however interesting, but we stress that it can be (at least partly) attributed to the presence of a deposited carbon layer on the divertor tile at R~2.73m, which tends to lead to an overestimation of the HF (in the L-mode case this was not a problem because the SP was located further out).
A candidate to explain the absence of SP splitting is the plasma magnetic response, in particular the screening of the Resonant Magnetic Perturbations (RMPs). In order to investigate this effect, we made use here of a simple but physics-motivated screening model, which is presented in detail in [9] . This model relies on the ad-hoc inclusion of helical current sheets on a user-specified set of resonant surfaces, whose amplitude and toroidal phase are chosen such that the magnetic islands are suppressed on those surfaces. Here, we chose the resonant surfaces q=5/2, 6/2, 7/2 and 8/2. As shown in Figure  6 , the presence of the screening results in a shortening of the spiral arms in the magnetic footprints. In Figure 7 , the dashed (resp. dash-dotted) profile shows the FL CL for the vacuum field (resp. screened field) case (note that a shift by -5cm was applied with respect to Figure 6 , which can be attributed to imprecision in the EFIT equilibrium reconstruction in JET H-mode discharges, irrespective of the application of magnetic perturbations). As expected from Figure 6 , the long CL FLs found at R~2.73m in the vacuum field case are no longer present, i.e. the screening hypothesis is consistent with the absence of SP splitting. It should be noticed, however, that this position (R~2.73m) corresponds to a possible faint secondary SP on the HF profile, but the analysis is made difficult by the presence of the above-mentioned deposited carbon layer, as explained above.
On MAST, as mentioned in [6] , the ELM coils had not shown any effect on the ELMs or on the heat deposition profile in a typical Type-I ELMy H-mode until recent experiments showed an effect on the ELMs at a particular value of q 95 [10] . No evidence for a SP splitting was however observed in these experiments.
SUMMARY, DISCUSSION AND CONCLUSION
SP splitting is clearly observed in L-mode in both JET and MAST in presence of external magnetic perturbations. The number and position of the SPs are quantitatively consistent with the vacuum field modelling. In contrast, the splitting is not visible in H-mode, in spite of being expected from the vacuum field modelling. As illustrated by our numerical results, a possible interpretation is that RMP screening is present in H-mode but not in L-mode. This can qualitatively be understood by the smaller resistivity and stronger E×B and electron diamagnetic drifts in H-mode, leading to helical current sheets at resonant surfaces which strongly screen the RMPs, as found in fluid [8] and kinetic [12] simulations. As shown in this paper and detailed in [9] , these screening current sheets reduce the amount of SP splitting. These results question the validity of the vacuum field hypothesis in ELM control experiments, at least on JET and MAST. The relation to the DIII-D observations [2, 3, 14] is an important point to address. The splitting recently observed in L-mode on DIII-D [14] seems consistent with our observations. So does the very small effect observed on the heat flux in low-collisionality ELM suppressed discharges on DIII-D [2] . The splitting of the particle flux, which is observed in the same DIII-D experiments [2] , has not yet been investigated in JET. In MAST, fast camera images (visible or filtered for spectroscopic emission lines) have not shown any feature suggesting that a splitting of the particle flux exists. 
